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Important note

This program is distributed as an executable. Windows Defender (and other antivirus
tools) may flag it as a dangerous application as the file has an “Unknown Publisher”.

| assure you it is not dangerous. This program will fit the TLVP parameters to
measurement data and write some logs during the process. And nothing else.

This is simply a research tool, and | hope you find it useful in your work.



Installation

1. Download the executable from the website
o This is the program itself, no real installation needed
2. Move it into some folder
3. Create folders named ,logs” and ,,exported” in the same folder
= This is not necessary if the program has permission to create the folders
4. You are done!

Mame Date modified Type
exported 2021-04-22 09:59 File folder
logs 2021-04-23 12:08 File folder

'a thvp_calibration.exe 2021-04-22 x4 Application

Recommended file structure



Using the program

. R LVP calibration
Features are Or anlzed In rou S aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
rrrrrrrrrrrrrrrrrrrrrr {isotropic hardening) Optimizer
Value Min | Max  Fix =

nnnnnnnnnnnn

maxfew: |500

o StatUS messageS “ - Englsmswa]: : — c - : .m.e,

e A command window opens with the
GUI, don't close it o]

Oeng [MPa]

e Plot controls oos]
-0.04 -0.02 0.00 0.02 0.04
Time [s]
A€ Q=+ *=-0.0539599 y=-0.0254366



Parameter fitting (1): input file requirements

1 #header
2  #more header|
e .csv (or other text-based) format 3 0.,0.,0.
4 0.0606035650664258104,0.0011993375389573004,0.4344397641987027
. 5 0.12120712912275561,0.0024168403718207551,0.87073339255802879
° Separator- comma (;) & 0.18181069418918372,0.00363500383593981,1.2996113391077362
. . . 7 0.23236504097846616,0.004631300675787249,1.6475339383800032
° Has 3 Columns Wlth t|me’ Stra|n’ and 9 0.2929686060448943,0.005855299031945852,2.0621983506565416
9 0.35357217010122177,0.0070636788593202195,2.4663571071824077
T+ 10 0.4141757351676499,0.008273702750153402,2.851976471207087
stress data (addltlonal COlumnS are 11 0.4747792992239774,0.009496057056321283,3.2202924022306596
12 0.5353729996488042,0.010690751416688415,3.5722578198860937
neglected) 12 0.5959765647152324,0.011915803786629656,3.9121466824078466
. o . . 14 0.6565801297816605,0.013120663525235303,4.2316422131782945
° T|me data N |ncreas|ng order (equahty 15 0.7171836938379881,0.014334797554513388,4.539087138822971
16 0.7777872589044161,0.015555507797222453,4.828610651716501
17 0.8383908229607436,0.01674991317273549,5.097122853108685
not allowed) 18 0.8989943880271708,0.017978843692338358,5.353554449375099
. . . 1% 0.9595979520834984,0.019179003256291016,5.5882622595451255
° LII’]ES Wlth the same data as the |Ine 20 1.0202015171499264,0.020395891474004723,5.8111954542793586
. 21 1.0808050822163544,0.02161466955327353,6.015904246875494
before are |gnored 22 1.141408646272682,0.022811541003776654,6.2046970605125775
23 1.20201221133911,0.024039649498380153, 6.383602198149027
. . . . 24 1.2525665581283925,0.025043344590122033,6.5180127937826295
¢ |—|ne5 Start|ng W|th # dare |gn0red 5 1.3131701231948216,0.026252546442491757,6.671580761667458
. 26 1.3737736872511481,0.027476544798650363,6.813561608843537
o You can use this to create headers 27 1.4343772523175753,0.028669306124176674,6.9441098314349
28 1.4949808163739038,0.029898236630307454,7.062452953567473
26 1.555584381440331,0.0311000402577158932,7.176624711991773
30 1.61618794650676,0.03231499631199237,7.2870885927065505
31 1.6767915105630866,0.03353485452970607,7.376761337525708



Parameter fitting (2): reading an input file

LVP calibration
. .
' The order of the columns in the input | e e e
rrrrrrrrrrrrrrrrrrrrrr {isotropic hardening) Optimizer
. . . Value Min Max Fix  Result - & v | Sguareddff (normalized, )
has to be given before opening the file e
mels] v Lt maiters (1000 maxfew: [500
Cal 2 gg. sbginfy - o~ .~ - | Paametermode: | Muy pliers
CCCCC Eng. stress [MPa] Start optimizer

e True strain and stress are converted to

engineering strain and stress internally

= Assumption: incompressible material _ oo

e Successful input status message:
=, File read done, valid input” oo

#E€EIPQE=LDB




Parameter fitting (3): initial values

« Initial guess is put in the first column e T -
= Missing value: filled up from table below g | = == = [ R — T
e sYO: better to use a ,,too low” value,
than a ,too high” one
= |f sYO is too high, plastic deformation )
never starts, the optimizer cannot fit sYO T "
and H -
»  If sYO=0, plastic deformation is always |
present, this is also undesirable ae> +Q=w e

nmm A[MPa s ] HIIMII

1000 0.001



Parameter fitting (4): boundaries, fixing

a

[m]

a

a

Min and max for the optimizers

Not all algorithms keep them strictly
,Focuses the search” in a narrower range
Too small range:

Can lead to stability issues

The optimum might not be found, even if it’s
in the range

Fix parameter: the optimizer won’t change it
At least one value must remain changeable

Note: Ctrl+C and Ctrl+V works in the entire
table

S
e = o =

rrrrrrrrr

-0.04 -0.02 0.00
Time [s]

#E€EIPQE=LDB

0.02

0.04




Parameter fitting (5): optimizer settings

e  Optimization algorithm e e LS | S e
o Ourtests: L-BFGS-Band SLSQP arethe | = = .- e
_best” most efficient =il = | —— ==
o Documentation: SciPy
e Quality function:

o How the difference is measured
= Absolute and squared difference

o dX weighted: less weight to densely
paCkEd Set Of p0|nts -0.04 -0.02 0.00 0.02 0.04

Oeng [MPa]
o
o
S

Time [s]
i i i Q=X E
s Normalized: normalized with the number *€? “
of measurement points


https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.minimize.html

Parameter fitting (6): optimizer settings

e Stopping conditions: e [ ———
Maxiter: max. allowed iterations

mmmmmmm

Options

[m]

Maxfev: max. allowed function evaluations| o o - 3: ——
(some algorithms ignore it)

The optimizer stops if either is met
e Parameter mode:

= Values: the parameters are optimized
directly. Not recommended.

o Multipliers: initial guesses are used as
. . . . . Time [s]
internal multipliers. The optimizer ,sees” |a¢s ¢+a=w

u]

[u]

Oeng [MPa]

values in more similar magnitudes

= Normalized: parameters are transformed to
the [0,1] range based on their boundaries



Material behavior (1): general

° Values are glve dlrectly e e

Parameters for TLVP {isotropic hardening) ad case

Value Min Time [s] Eng. strain [-] Splits

[m]

Boundaries only serve as reminders
e Uniaxial load:

= Time-engineering strain history given by
points (linear path assumed in between)

= Number of division between points: 3rd
column (must be >0 integer)

= The ,Plot data” only plots the load
specified in the table

0.00

Oeng [MPa]

=0.02 ~

—0.04

-0.04 -0.02 0.00 0.02 0.04

e |fthe table has no valid load data: ae> b=

[u]

The measured strain history is used (if a
measurement file was loaded)



Material behavior (2): testing of optimizers

* Results can be interpreted as e e S
measurement data = z D —_
» Test the optimizer settings in the first |-« T mm—_\ 0 .
tab, while knowing the exact values it
should converge to
AREI Q=P .04 _ T&EO[S] - -




Settings, exporting

- Plot the measured data e —— —
e Xaxis: time or strain data\ . e
s Cannot be changed during optimization —
e C(lear all data:
o Forget about the loaded values
 Export results from the material
behavior tab
 Export the fitted and measured
behavior
AREI Q=P

 Export fitted parameters

 Files are put in the ,exported” folder



W3 TLYP calibration

Parameter fitting | Material behavior | Setfings, exporting | Giting, credits

Tips (1): fixing axis labels 7 = -

1.
2.
3.

m}

Sometimes labels are placed incorrectly
Should be at the edge of the window

Bottom menu, configure subplots
,Tight layout” button
Labels moved to correct positions

Parameters for TLVP (isatropic hardening) Load case
Max E Time [s] Eng. strain [-] Splits
inf 1
1 2
S0 0 inf 3
H [} inf - Plot data
Status Calc. values as measurement data Calaulate
|
0.04 4 X release v02 ? X
Borders Spacings
0.02 1 " top 0.880 |5 hepace |0.200 |3 |
o
% ‘ bottom |0.110 |< wspace |0.200 |3
= 0.00 3
o
é Tight layout
Reset L
Export values Close
* ‘
‘ ‘ —0.04 —0.02 0.00 0.02 0.04
Y Time [s]
=%
87 TLYP calibration o x
Parameter fittng | Material behavior | Settings, exporting | Citing, credits
Parameters for TLVP {isotropic hardening) Load case
Value Min Max = Time [s] Eng. strain [-] Splits <
E 1 inf 1
i 0 1 2
V0 0 inf 3 =
H 0 inf = Plotdata
Status Cale. values as measurement data Caleulate
0.04
0.02 4
©
a
Z 000
2
5
[S]
-0.02 4
—0.04 +
—0.04 —0.02 0.00 0.02 0.04
Time [s]

a€dr QXA

x=-0.0101219 y=-0.000216424




R —————
Tips (2): Changing curve properties

1. Bottom menu, edit axes, curve... B R
2. Selectthecurve ==\ \ |~ T [
3. Edit properties (line width, [ - —
markers,etc) \__ rI i N ——
« Note: these setting are reset when o * —
replotting | X 7 A= - o 2 1k
e Save the figure (several formats) - :
=




Tips (3): result column not rendering/updating

e Sometimes the values in the result

column don’t show up or update
Only when using Windows

e Solution:

Click into the cells =

Select the column header N =

Use the scrollbar 5 ol

m]

Optimizer

sssssss

.........

mmmmmmmmmmm

[u]

m}

u]

[ 20 40 60 80

A€y Q=¥ A



Parameter fitting:
An example




e —
Goal

e Show a fitting example using real measurement data
= Measured material: MC-PET at room temperature
e Show how to judge the obtained results



Start the program, load the measurement file

Measured material: MC-
PET @ room temperature

Known: column order
Setup column

Open file
Open

Parameter fitting

Input file

Material behavior

Settings, exporting

Citing, credits

Parameters for TLVP (isotropic hardening)

Result

Oena [MPal

Min = Max  Fix
E 1 inf
Open file
f 0 1
Time [s] -
Eng. strain [] - sY0 0 inf
Eng. stress [MPa] ~ H 0 inf
| BT Inputfile ? s
Look in: C:\Usersthalev\Documents\bme\phd\paramfitter \tozip ~ QO 0 ﬁ. @ E]
B My Computer Name ~ Size Type  Date Modified
hal exported Fil...der 4/22/2..:59 AM
1 alev & instructions.mkv 3B mkv File 4/22/2.,:57 AM
B mepet?l.csv 68...KiB csvFile 9/16/2...
¢ program.zip 82..iB zip File 4/22/2..:59 AM
a release_v02.exe 81...iB exeFile 4/22/2..:14 AM

Optimizer
L-BFGS-B

Options

maxiter: | 100

Parameter mode:

* | | Squared diff (normalized)

maxfev: |500

Multipliers

Start optimizer

AE>I Q=¥ B

File name: mcpet2l.cav Open
Files of type: | all Files (*) - Cancel
=uUus =—U.uZ uuu
Time [s]

-




Initial guess (1)

B TLVP calibration = O *
o We have followi ng ideas for Parevter fting | Mot bebavior | Seting, exparing | Giing,
Input file Parameters for TLVP (isotropic hardening) Optimizer
some parameters before e i o I
pen file
H . o . e [ - f |06 02 1 maxiter: maxfev:
starting (values; ranges): A | Cal -
i = Parameter mode: Multipliers
= Ex=1200; 500<E<2000 s e : -
File read done, valid in
o f=0.6; 0.2<f<1
o sY0=5; 0<sY0<10
0.04 1
> H=80; 50<H<200
= A=0.0001; 0<A<0.1
—0.02
—0.04 -
~0.04 ~0.02 0.00 0.02 0.04
Time [s]
a€dr» PQ=¥ B




Initial guess (2)

B TLWP calibration — O *
[} For Some reason We a re Para:leber fiting | Material behavior Setﬁngs,ex::rﬁng { Citimj:j, :'e:its. } -
ce rta|n that n=17 -> f|X hd oaramfitter ftozipmepet2 L. csv Value Min | Mac | Fix Result . OL:;::B - | | squared diff frormaiized)
i Time 5] maxiter: 100 maxfev: |500
Calk2 Eng. strain [] v Parameter mode: Multipliers
e Wehave noideaaboutm-> |* =™ _2 L -
leave the field empty
o The program will fill in the
0.04 1
default value of m=-0.5
0.02 1
CE; 0.00 1
S
~0.02 1
~0.04 1
-0.04 ~0.02 0.00 0.02 0.04
Time [s]
A€ Q=¥ B




Optimizer settings

W TLVP calibration - O *
) .
[ ] Let S u S e t h e S LS Q P a I g O r I t h m Parameter fitting Material behavior Settings, exporting Citing, credits
Input file i i Optimizer
he fphd fparamfitter ftozip/mcpet2 1.csv Ve [Ming g Moo LS SLsQP ~ | | Squared diff (normalized)  ~
Open file H |80 50 200 Options
. . col 1 Time [s] = A | 0.0001 0 01 maxiter: 100 maxfev: |500
e Start the optimizer | _
Parameter mode: Multipliers -
Col 3: Eng. stress [MPa] ~ - Start optimizer
File read done, valid input
0.04 4
0.02 1
‘©
o
2 0.00
3
5
—0.02 +
—0.04 +
~0.04 ~0.02 0.00 0.02 0.04
Time [s]
AE> Q=¥ B




Parameter fitting Material behavior Settings, exporting Citing, credits

Input file Parameters for TLVP (isotropic hardening) Optimizer

e fohd param fitter tozin/mepeta 1csy Value Min  Max  Fix Result = |sisgp ~ | | Squared diff frormslized)  +
Open file H (80 50 200 50,0 Options ¢
Col 1: Time [s] - A |0.0001 o 0.1 0.0008611631925494506 maxiter: | 100 ’0,"3,«&\,: 500
Col 2: Eng.strain[] ¥ n |17 1 inf VT Parameter mode: “ Multipliers =
C e C r e S u t S col 3 Eng. stress [MPa] ~ il a0 -0.10669746095076589 = @ St optimizer
FIMISHED Iteration: 28 969339 Elapsed time: 8.88s ’
L 4
‘0
S = Measured
¢ — Fitted
[ ] ” [ ? ‘ ‘
° Id we IT” any bounaaries: C
124 <
— L 4
. o ey o * |
= Yes, H=50in th It tial .
es, H=50 in the results, our initia 5 . i
I~
= B
§ © ¢ |

guessed range was probably wrong

e The console also has useful information:

@ The optimizer ,terminated successfully”,
it didn’t reach the maxiter or maxfev limit

= The final value of the normalized squared
differences was 0.363
e Conclusion: let’s try again with
different boundaries for H




S —
Retry

B TLVP calibration — O *
® Let ’S u S e t h e O I d re S u I ts a S Parameter fitting Material behavior | Settings, exparting Citing, credits
Input file Parameters for TLVP (isotropic hardening) Optimizer
t h e i n it i a I g u e SS . W plalus M o Result = |ssop ~ | | squared diff (normalized)
’ Open file H |50.0 100 50,0 Options
[m] I + I + h I Cal 1: Time [s] M . 0 0.1 0.0008611631925494596 maxiter: | 100 maxfev: | 500
Ct r C’ Ct r V t e Va u e S Col 2: Eng. strain [-] 1 inf 17 e e .
[ ] h h I 1 1 f - m |-0.10669746005076589 -0.10669746095076589 - Start optimizer
C a n g e t e I m I t S O H t O FINISHED Iteration: 28 R~2=0.969339  Elapsed time: 8
10<H<100
) . . — Measured
o Let’s try with removing the S
°<, 7
,fix” from n 0
e Restart! .
2
0
0 20 40 60 80
Time [s]
AE> Q=¥ B




Check results again

Did we ,,hit” any boundaries?
Yes, sYO=0 in the results

The console also has useful information:

The optimizer ,terminated successfully”,
it didn’t reach the maxiter or maxfev limit
(well, actually SLSQP ignores maxfev...)

The final value of the normalized squared
differences was 0.21

Conclusion: let’s try again with
changing sYO’s initial guess

B TLVP calibration

Parameter fitting Material behavior Settings, exporting

Input file Parameters for TLVP (isotropic hardening)

ne/phd fparamfitter ftozip/mcpet21.csv

Open file
Col 1: Time [] -
Colz Ergstan[] - 0 g
Col 3: Eng. stress [MPa] ~ H 500

FIMISHED Iteration: 76

Value

E |719.9269709880338

£ |0.7792974790128416

Elapsed time: 22.38s

Citing, credits

Fix Result
563.3122559601417

0.66986866150402
0.0

43.32688642724973

Optimizer

SLSQP

Options

maxiter: | 100

Parameter mode:

-

Squared f {normalized)

L 4
Iﬁ(fEV: 500

<

L 2

Multipliers

4@ Start optimizer

-

= Measured
— Fitted

— =
_ ¢
& 84 *
=
44 .‘
¢
24 L 4
‘0
0 o
0 20 d0g 60 80
@ Time [s]




e —
Retry 2

B TLVP calibration — O *
. e, ®
[ ] Let ’S b a S e t h e n eW I n It I a I Parameter fitting Material behavior Settings, exporting Citing, credits
Input file Parameters for TLVP (isotropic hardening) Optimizer

g u e S S O n t h e re S u Its ne/fphdparamfitter ftozip/mcpet21.csv alue Mg My g B0 e = SLsQP ~ | | Sguared diff {normalized) -
Open file H [50.0 100 50.0 Options

L Pe rt u r b t h e i N iti a I g u e S S . Col 1: Time [s] - A |0.0003611631925494596 o 01 0.0008611631925494596 maxiter: |100 maxfev: |500

Col 2: Eng. strain [] M n |17 1 inf 17 Parameter mode: Multipliers -

o Chan ge the Cop|ed Va|UeS Col 3: Eng. stress [MPa] ¥ m | -0.10669745095076529 40 -0.10669745095076529 4 —
slightly (about +/- 10%) to help o B
avoiding local minima 1o —— Weasured

o E=550; 400<E<2000 12] — Fitted
o f=0.7; 0.2<f<1 101
o sY0=3; 0<sY0<10
o H=40; 10<H<200 "
o A=2e-5; 0<A<0.1 21
e n=3; 1<n<10 - i - - T
o m=-0.5; -1<m<0 Time (s]

Teng [MPa]

AeEI Q=¥ B




B TLVP calibration

Parameter fitting Material behavior Settings, exporting Citing, credits

Input file Parameters for TLVP (isotropic hardening) Optimizer
he/phd/paramfitter/tozip/mcpet2 1. csv ok i g vy g i esult SLSQP ¥ | | Squared diff (normalized)  ~

E |550 400 2000 705.5659932956711 Options

Open file
- E— - f |07 02 1 0.8052720483417386 masiter: | 100 maxfev: |500
- s¥0|3 0 10 5.025666494557366
e col Bk Parameter mode: Multplers -
717
e C re S u t S a a I n - S S == R Start optimizer
FINISHED Iteration: 63 R~"2=0,998588 Elapsed time: 17,355
14

= Measured

« Did we , hit” any boundaries? _

10 4
g 84

L No! g
= 64

= The plots are quite close too “

Time [s]

e The console also has useful information:

= The optimizer ,,terminated successfully”,
it didn’t reach the maxiter or maxfev limit

AREI Q=¥ A

H Ch\Users\halev\Documents\bme\phd\paramfitter\tozip\release_v02.exe

@ The final value of the normalized squared
differences was 0.077

e Conclusion: we are done




Plot the srtess-strain curve

e Sometimes the stress-strain graph can
give additional insights

e Let’s export the results so they can be
opened in an other program

Geng [MPa]

7 TLVP calibration
Parameter fitting

Plot measured data

Material behavior

Settings, exporting

Eng. strain - Time

Eng. stress - Tme

Eng. stress - Eng. strain

Citing, credits

Plotting mode

Eng. stress -Tme

) Eng, stress - Eng. strain

Clear and Export

Clear all data

Export simulation result

Export optimization result

Export fitted parameters

My —— Measured

& —— Fitted

0.2

Eeng [-]

0.4 0.5
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Disclaimer

The software is provided ,as is”, without warranty of any kind, express or implied, including
but not limited to the warranties of merchantability, fitness for a particular purpose and
noninfringement. In no event shall the authors or copyright holders be liable for any claim,
damages or other liability, whether in an action of contract, tort or otherwise, arising from,
out of or in connection with the software or the use or other dealings in the software.



